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Abstract of KR 20010088931 (A) 

PURPOSE: A manufacturing method of GaN LED using substrate removing technique is provided to 
remove optical absorption loss and the loss due to dielectric difference between GaN substance and a 
substrate by removing a substrate having a GaN system LED grown. CONSTITUTION: A GaN system 
LED is attached to a silicon substrate(51 ), and consists of a P-metal layer(30), a P-GaN layer(24), an 
active and barrier layer(23), an N-GaN layer(22), a dielectric protection film(21) and an N-metal(70). 
First, the P-metal layer(30) is formed on a P-GaN layer(24). Then, portions between elements are 
etched using the P-metal layer(30) as masking substance. Next, the P-metal layer(30) is reversely 
bonded to a silicon substrate(51) so that the P-metal layer(30) becomes a junction and then a 
substrate which a thin film is grown on is removed. Then, an N-metal layer is formed on a surface of 
the N-GaN layer(22) exposed by the substrate removing step. 
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(54) 7|&*]|7H 7|## 0|g*r GaN^| LED XXM 



O ON 



& 'ti'SS SEH°I A!GalnN7H| LED°| aj^AKS.^ External Quantum Efficiency), ti^ £r*fl nBlIL l"^So|| 
AH°| U|5<gJ gA||S 3r#Al=7|7| ^fh AljMS =Fi°| GaN^| LED *IROI| 3do|c r . 0| xljeiS ^Fio| 7(-S: 

s^woj s.m° QaNj^j led ^SJ-gSS ^MM ArgJElSB 7|Er(AI 2 03, SiC, Si ...)* ^PH§r^0|| &£>CH, 7[& All 
7HS ojt r 0^ JE3|fcr N £SS GaN^ofl N- Metal £ S£*klL P- metal ¥£0| Stf¥7r £JE|g 7lEr(H| flgjoH 
^n[oi LED1- Xij^fe Sf'SlOlcK 0| ?^o| 0 |^g- 7|&S Xfl7-)#o.S 7|&3|- GaN A^|o| Dielectric C 

onstant) °\ x r 0|S ojfi" §^|<S<H|AH°| S^Uj* 7ieofl S|& S"#a|oj -4, 5H2t r Jl, 5E& 10um 0|SfS gf<H 

£J LED ei^rOH LED iA r Uj¥o^AH £f/X|]^{ Photon Recycling) 0| llf^o^ °jO-jLMI 5:|¥S ; Ars:S(Ex 

ternal Quantum Efficiency) § 7H-£d S ^7|- &!°Di LEDCHlAH tf-fegtr ^0| P- metal* *Sf| ^dtf^o^. as B | 5 

tlTll UMhS 4= &oo^ 4:Xr5Li Sj^ =L7|| 7H-tdtf 4 SJCr. S*r fcjy-^os GaN74| LED£| P- £EU S 

XII £r ^b=M p- metal §) n- metal S^lS eJ* r <H L^EfLffe ^A r °| LH¥<H|Aj S 

THIS 3.7-fl 7H^j if ^7|- a,'cK 

S »SS p- n c r 0|SL = 5fe GaN7=|| LED AlRoj| JjOUi ■ P- *W ISlflOfl p- metal* ftgfi 

o| 7|£r* Si 7|&(H| p- metal o| Sj&¥7 r S.\n fl£|cH goU, ft BfSoflAH A||°J-g ^ H JI olgsKM 7|£fS 

«|7Hfi * 7ie A^|7HS =yt+ n- £H@ GaN afa|-ofl N- metal* S^t r oi LEDS xflSfSI-fc 5* ^S2S &ch 

AIGafnN, LED f £\¥ gf^h i§( External Qunatum Efficiency), 7 Iff, CHIS, 7|&. 



_ x _ 



g^H^H ^2001- 0088931 

a All AH 

.X™ l«J — -| lJ lJ Li C2> 

£ ie SEH GaN^I LED.£Xk°| ojaj-^oj ^ 

E 2S- SEH GaN^I LED(Light Emitting Diode)* M\*\m fl«H g&E! ^ L^Ufe BEE. 

E 3fe P- GaN flofl P- metal § 5«f & 

£ 4£ S-^S P- metal# D^S°£ N£SS GaN Bt^S| <£JS 3J0| <H|S*l-cH ^0|S| ft # 

o|««KH <H|*J£! iDjf SI^ g-fflJE. 

E5SE 777I-XI ^|ST^! LEDM 7|& ^|CHj P- metal ^rw S*|-¥SS|-o^ flg<H S£J 0|-*.°| E^E. 

E 6fe Mechanical & 5Efe Efe oflS 7iS# 0|#S|-o=| LED?h -aSS 7 IS* n\?m *fi| 

£ 7S 7iex|7HS N- GaNS^I N- Metalt- S-Sft BSE. 

£8§S ItBoil CChEh 2JS*4<=>^ 0|*0-|£! Bftl LED ±X[S\ QBE. 

E 9fe S ttSfil 5E Che &|A|0|£ LED(H| P- N diode# «EH2| LED 4:Xt-°| 

20. 7|Et 21 bHnHS 

22 n- GaN S 23 I nGaN/GaN/AIGaN ft^ §J 

24. p- GaN § 30 P- Metal. 

40. CH|S°^ S-S^i *. 41. I^Mi 

50. Z>2E<£ 4JBIS 7|&, 51. tlE^ S^Xt 

70. N- metal. 90. NESS ^B|S § EEfe 7 Iff 

91. PESS SfEfe 7 1 fit. 92. N 2q (HIV 

93. P £5"[H|ir 94. H|)7[X| 0(-eEio| NSR 

95. HH7|X| D|-SEjoJ p£H= ge £|-0|0H [HIS 

S O- — I I ! 

M SBH^I GaN^I < H°l LED(Light Emitting Diode) °l SS^, ^^-fe! t|-&S<HW£| 3iJE» *|7| 

=S|°3. tfitM*\7\ AH^g GaN7=j| LED2.I alls. &SJ(HI 3o|cK 
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^Hj-^o^ GaMTii LED{ Light Emitting Diode) fc, ^¥£.<2 £ 1<H| £A|fi a 0|, A|-Xi|-0|0-| 7|#S>r 7|£r( 
10) &0| buffer §(11), n^ GaN §(12), inGaN(3E^ GaN) §••£§( 13), GaN§(14), ¥ St!^ 1 5) , W^xll 
MS.S|-(16), n^ 3^£j^(17) SJ p« 3*%£R(18)®^. 3®^>i &7| Af3i|-0|0-i 7|&(10) #0fl buffer® 

(11), GaN §(12), lnGaN(5Efe GaN) t hA ^§(13) 5) pS GaN§(14)S MCCVD{ Metal Organic Chemical V 
apor Deposition)^ £ (HI KrBr ^Ar^^. g S gg- g * j n *M 3 ^^^ (17) o| gg£ ^J^g m 7 \ nS GaN 
§(12)^*1 etching) ^rH, HfiOfl CC|-Bh ¥S £R(15)« ^rS, £R o 1 ^* *HSJ& ¥¥« Mj£ 

n 4(16)£S iil^Jl, nS 3^3^(17) Si pS 3^t£R(18)« §Sr#°3.AM f^ScK 



#^§o|AH ^xhfir *s| atJofl S-ISHAH ij-^ S h e ¥'3£R* 0=| AH §7! SSElTflSch o|fd ir^ h S 2rS 

oil AH 1-^ScHlAH iJ-^S S-Srsi tt£ 7|&a^(S-a-ftc! »S Ejol, o\m ate g-^oi GaN£ r 7|& A r 0| 

o| EE 7lSKH|AHo| a^iai-oii °|*HAH ££J8 SjTfl gcK SESr 7|&ofl °|«HAH led :£A|-LH¥oi|AH°| 

& 2f*H^( Photon Recycling) J^rM 7|0W7|7 r <£IS7H| @ch ^^^(Photon Recycling) 

oil AH bj-^s BtS ¥¥o( ^ejo| ^a* eJ^I-oH LED4iAF Lfl¥cHj 2^|7-]| ESfecll, o| ^a|-lH¥o1| sreH 

AH #sai?ll S a|o| c r A| tfg$o| ft<$*£|<H c|-a| *HSS*r-te 5 SEfe o-uue £j°Jos a £fsH£! £J¥ 5Efe 



je ijfl- a-e led ?sofl &!<hah omi aoi sre^s ui-si- si-oi s^siej p, n- metai a! p sDo-se.^. 

eJSl-OH LED tf^§CH|AH°| ^H^o| &AH|7|- If £5 SMI 0|S °jS|-0i S^g-fiJ g^^fh &Q||7r 0 F 7|§ 

Ch EE£r 7|^o| LEDfe AW0|0H2f g>0| <g|S!£^0| W*l 7l&0| nH?|X| ^SE^HI Sfflo| E|SS 7|S 7|£h(AI 2 

03, sic,...)°i m§o]\ o\mm ?m m^o\ m*\ s& g^iasoi sjck oi s 

^0^4^^ ^Zf«r>l| ^A(-o| <^tfS- 77|X|7f|@CK 

CC^BrAH GaN^II LED2-I -y^g gT^A|7|7| ^|SI|AH^ fl(H|AH ^7|@ EX||SSa| ?H£jO| ScH^|o S =Jo^>j|g C |. 

srsoi off sfe 7i^^4 rn-^i 



e a ^7i*h gAiies 7H-id^7i ^i* r oH 5°^.ah, t* ^gai GaN^i led?!- «s-£|oh 2,^ 7i&s 

AHPHsMAH 7|»0| sift a! GaN gS^f 7|eAhO|o| ^^gxrCHI o|*r Tfl^^a. i^LH¥«H|AHo| ^ 

AH (Photon Recycling) S. MWs ^0|SfS|-oH fi|¥?f*r S-S( External Quantum Efficiency)* yW'id^JL, SEfr 7|&Al! 
7HS °JS r 0=| cyy N . GaN HtOt<H| N- metalS §^©r^l, P ^Sj Siffl* P Metal* §*|-^o=|AH S#S| 5"gJ 

»^ Alas IS, ±X\-o\ p. m etal ^S£7i- ^B|g 7|»0|| S^Ai^AH ^XjfiJ <a^s^ ^Ahg oj 

2o| WSS| =s|o|cK 



0|fH sSr^l ?^7| §£ff 7|#^ afAHl^ Hj-Bf £S-ofl ArSS 7|&S AH|7Htffe 7|^o|cK ¥ BfSoilAHfe- ol^ 7fe 
51 HI- AllS SHatrOH AH^.S ^SSJ GaN LEDX)|S|-&S» ^|§*I-CK 

so — I To s* -to 

o|fih a-S ^54S 3^§r7| ^!§HAH LED MBl^ 7ISSJ ¥*f. LED efaf ^^Ofl AJ-SS 7|S Alj7H ns|s 7|& 

A-II7HS cyy- N- £SS ^-ef(H| N- metal So ttl* 7|#^ *§o £ fi-cl-. 

¥ BSI Hr^fi ^A|o^|S ^¥ Sfflofl o|7H #Mm -assi-a CISJ2I- tfch. 
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ES E 2-b SBtlfi-l GaN7H| LEDS 9\m ^5> h @ *W9\ L r EmU fc|ch 7|S(20) flofl ^§(21), n- 

GaNS(22), InGaN/GaN/AIGaN S^S S! §-^H(23), p- GaN g(24)0| ^j[5j2S &&EJOH gjfe MO^Jl 

P- GaN Oil AH §3S *Jlf N- GaNOflAH ggS ^X|-7| fi^gOijAH SS5fO=| £jff7|- 3]os. 0i|LHx|7|- S*jO| E|oH 
AH ZLgSal <H|LHX| BH^aoil ©tIStl-fe Hl-S-al i'S tf^A|7|7i|=|CK 

E 3fe 0|^7H| ^§-£1 LED S^S|- *|oi| 7|j§°| P- metal(30) ( Ni/Au, Ti/Au, Cr/Au §)§ gStS H2HO|Ch 
*ho S o|lJ7|| P- metalS LED 4iX|-oi|AH P£±^S 0|^7)|ScK A|-O|o| o||^ £|S*jo.S LED 4iX r fi 

S&( Sawing) sfH* ?|SHAH A Bfl LED 4:X|S AfO|S| P- metai HSjg £ 30i| L+E|-y aJ^S #21(31) S 

60-. o| &*\S 0.1umOi|AH 500um77|-x| 9 47h ?M. 



E 4fe P- metal* Oi|*JS *IS masking MS^. SIW 4:X|-S A|-0|(31)S 7|SS| &1Z|- &S(R1E, RIBE, 

ICP, 5) SEfe ^14 ^SfUV assisted KOH <H|?J g)g 0|-gS r O=| N- GaN(22) SEfe ZL 0|f|- buffer(31) °\ ^ 
g-th Sol 7JM OHIS* zleIji y * 4:Xh°| iS o|5|j AH SiNxS ^ SiQx£ ^ 7h e o^jxilS o|«sFo=| oil 

«S B!g MSSMI ScK o|^7i| «HH ^£j*ij m±bK41) §U oilSJo^. a|-o|°| $( 4 0) o| zfzf 

£ 40i| LI-EH4 ?JCK 0|^7i| ftg 7|SS Ai|7Hsh7| 3NS SSMlAH dH^ 93 T'hT^I <^SS ^?il ScK =5i«H 

S Mechanical^ H o^S O|g^0=| 7|ff« Xi|7Htr A| LED H|Q|-o£ □>£ ^e.B||^7|- £!irO| E|7|| £|fcC|| 0| ^e.b||a. 
• 0| SO| S4SrO=| StressOil °IS 4rX|-°| -£|4:£r^rte SMIBcK LED Ufo^ 7|EM+0| 

5^ X -12S £|ZfS aWtf4*a| &S Strainol «g£|<H afen|| o|* oil AH ft* olSSho^ £hS| A| 

5*IS°£ o|S. £JS ^Ah§o| ^Ah- ii-A-s^b &cK ^!«H^ S(40)g Mechanical WW Sfe O-C & 

bh S 0|««KH 7|ff!-Ai|7H A| =L 0\m SEf L^EhLHOi ^fe §2& X|i7| S^. ^ SMS SO|77hX| 0«SO| E|EN *(4 
0)O| 0i|*!£lJl 5E0^^. E.&|Lj-7i| ElSS 0ij*,'O| E|oH N- GaN SEfe ZlO|S|-o| SO| =fioi| c&|y 5§ 

L|-E|-LH7i| SDK 



£ 5S E40ijAH 7|^S! LED ^X|&0| Ail^EJOi gjfe 7|3f U|^S H7|S| 8ftf(H| Di|^0| gStE|0-| 2^fe i£|£^ 41 
B|S(51),5Eb Dil&Ol S*fE|oH ? A «x[ Stfe ilS|&(51)(H| conductive adhesive epoxy)( 50) 

£Efe indium bump^ ae 0|gS 7|^o| f | ip . chip bonding 7|^S 0|gfFo^ /Jg*KH P- metal fflol Q*, h ¥ 

7|- E|7j| ^|SOi go] Jfto| 0-^4 fio^H ?JCK 0=|7|AH ^J5|5 7|&0i| 4iAhS0| Ai|^-£jO-| LED 7|&S ^|SO^ 

MOfe LED4:A|-7| Xi|5j-=J 7|SS Ai|7H # H||CH| iJEl^ 7|&0| LED ^SJ"2J a[&E\ SH¥7i| E|U|, -feJum 

¥^IS 7M$= LED ix|S x|x|^o^ zl n^s e|-o|-^fe 5hcK EES 4leg 7|SS n ■a^t^ol 

«}SS LED LH^OijAH ^^tt S.n^°m. ft, h #A|7=|^fe Heat Sink°^o| g^^g sp^gcK 



£ 6S 7IS-9J Mechanical S Grinding and PoiishinggJ-H SEfe £M L||x| Oi|S( ICP.RIE.S) ^H, 5Efe 0|g 

« *SS SB°S LED7I 7|S« xi|7HS +s| ErfflS Mo^ji ojnK °roi|AH £SS y r 2r a-o| o| nhSoilAH 

£ 40i|AH »0| J=EHLMI ElJl, 0|S ei^rO^ 7|fi0| g^i Oi|SE|$Jg« 4= xVlTtlSCh SES 0| S£ 

4;X|-S AhO|o| stress* S^fFo^ o^BH 7 r x| stress^.¥EH 4;X|-SS S.s.MH&C-t. 



JE 7& J=Bjy- N- GaN itf^oij N- metal( 70) (Ti/Au, Ni/Au, Cr/Au &) S S *9\ MO^Jl ?JcK N 

- MetalS 4iX|-o| 7 r S - ^hE| *0 r 7|-cH ^^E|7HU 4:7+ oj 7 r ^d| ¥^0i| 4= ?Je|. 0^7|Ai N- metal 0| m 

•aEjxl BtS ¥»0| Sfi^ ^IJE^7|- SCK gjy^g GaN7=|| LEDOilAH NES0| P ESMC|- *! A 4 tS^JES ^ 
4 4= fijjl 5ES metalolfSl ohmic OH-^ gO|S|-a.S nljJI| y& P- GaN SSoil P- metalS S^hU., N- Ga 

NS| ^4: ¥^0i| N- metalg S^ff-b »^S0i|AHo| S^EOi] QH¥ «0|S ^^r SC|. 



E. 8-B JE 70i|AH SlS^o^. «jahe| i A f§f ^Af^M Ah^( Sawing) S LED 4:A|-o| 0-^* MO^Jl SJcK ^ 
SIS 7|S(51)fl0i| GaN7|| LED7| ¥*^E|0^ ajo^, LED 4iXrfe P- Metal(30), P- GaN§(24), M^B SJ 
23), §-0| ar#E|fe tfej N- GaN §(22), -fi-^jxil MS.Sf(21), N- metal(70) ¥^01 EjO^jEl. 
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[EE C[B *M]<Hf] 



#7 1 ghgoflAH 4;A|-°| ESD( Electro Static Discharge) e^lM *|7|&jo^. §03 S 4= EEChe 4!A|(M|§ EC§ 
&^ho=j tfS&ch. & St Soil AH £!AH P- metal O I AIGalnN^I LED* P- meta! ¥&0| £jth¥7h S\A 4iBle 

7lEroir ¥*hA| P- N aSO| 4|£l& 7|fi"S Mg&oSM| LED ^*hS[ s^jUfos ^ej*4o| p. N dio deM 51 *l 

# 4 1 ?J0HAH 4iXh°| ESD( Electro Static Discharge) SHS * 4 1 SSol SUCK °jy-^o^ AIGa 

lnN*l| LEDfer 0)|lH*| fc30| #£f©| & ia°J^|E |?fU ZL sfBt2| §SO| Che SScHI H|8H*j #cH*lo 

3. $*l 5&ohO=| cH^I^Hos ESD&il ^ofsf-CK §J^°S AIGalnN^I LEDfe £& h ?fS] 300V - 1000V S£0|J1 
o^uh^oj Tgo 1Q0V . 1000V£ E^j Q^uf^oi ESD gof s^ 0 | cH a g. e 7jo S ?M. 0| 9^8= SBf 

oil AH LEDSj P- N Junction A r 0|(H| 5 £j7=j|( Electric Field) 7[ 2E|7| fflieo|CK 0|aH gAHjg s|jgth7| fl^AH 
o^. LEDfih ISHS. P- N diode* ^ftTlfo^ H^ZM LEDCHI 5jgJ"0| °^o^ gej go p _ N diode7 |. gs{j£|?j| «h<H 
AH LED j£*h<Hfe P- N diodeSl Turn On Ej^TOfl StjQ-Elfe S^BfOl <^QS. SB|7H| ShoUH ^AhM 

ESD^. ¥EH Si&Ch. 0|S £|&h 7\E°\ ^B|&o| & EHofl ¥e*4^. SUSI-OUH P- N diode* «gS|-jl eh 

H*|fi| Flip- Chip 7|^S 0|*S r o=| LEDii P- N SfT0| Off o-|£! fc|E|e 7|£KH| ¥*t§|-o=|AH p. N diode7|- S 

led ai§ xiisre-cK ziehu o| ex-IISe aisissj & ffl flofl p. n Eltre offo-ioh ^fe 

0| HSL^Di EE£h LED chip* SH^Ol £?£|te Flip- Chip 7|#S O|g^0i £JB|e P- N diodeCHj 3^s|-0^0^ Ifo 

S zi x-||s|- §§o| afasi-ji, 4=*o| «go-|x|fc g-go| ?M. 



# tfSSl EE Che £JA|0fe £r7i£h MS* 7H^j§r7| flSKH MS 5Jo^aH, EE ^AiCH|o| H5H£ GaN7i\ LED 

S| P- metal *h¥ofl P- N JunctionO| ^-SS 4JB|e diodeS ¥*i"8|-0=|AH LED2h «BS 5 S^Sl 4]B[e 

P- N diodeM «^fr°S <& 7 s £t[2.g.)M LED2J ESD &*H# *|7|£|o£. S#A|7fe ±x[ °J ZL AHI^^^g xfl 

S&Ch, 



Ec. 90^| LhEhy-dhSf a-o| P- N JunctionO| Off 0-jS ^!B|& P- N diodeM £ 8<H|AH LhEhy 4iBi& 7|S 

cm AhSthCh. o| i^aie P- N diode 3^ N EE13S 4JB|g 7|&ofl p dopantS EEUfho^AH P- N Junction* 0|g 4= 
n ?J^L, P- £SU 41BIS 7|5rO|| N- dopantM EESSho^AH p. N Junctions 0|*^ 4^7h ?Jch. omn t\o\ off oH5J 
4!B|e P- N diodeoil P, N- Ohmic metal* g*TSho=|AH P, N S^&ch. ™2_Q\\ CLhehAH S^°| «H4, EE-fe- EEL 

^« S^ohx| AhS & ^£ ?Jch. ££ 90i|AH 90& N- iJBle 7|& EEfe N- ^Bl& Si U-EhUKU, 

91 & P £SS ^Bff S EE^ P 4lBie 7I&S UEhych. ZielH 92 9k 93 & N Sh PmetalS LhEhy Ch. 

4lB|e P- N diode7h B^S LED chip* ^J&l-^eJ LED nH7|x| oh§^ <^|ofl ^ Wire Bonding(96)* S 

■ythch, ^B|e P- N diodeS.| P- metal (93) 0| LED sH7|x| aheejoi N ^H=2S(94)&li QSfO| JEjcH, ^E|e P- N dio 
deal N metal a^(92)0)|AH LED eH^I^I 0hSEH2| P Ej^(95) 2£ Wire Bonding(96) 0| S^Sch. HB\JL LED°| 
N Metal(70)0flAH LED n|j7|X| 0|gEHo| n £j^r(94) °£ Wire Bonding(96) 0| ^^€!l=h. 



S. 9S| OhEH ¥M0^ £ 9CH|AH Off 0^ LED HSS| 2|^?J E^f LhEhLljJl ?jch. GaN7i\ LED2h e^^Sl ^ 
SIS P- N diode7h ^^.^ <y^S S\S. Moffn ?Jch. 

^7|& Uh£h 5fO| OffOHAfe e StHI SjShSH, LED^^S-Ofl AhgS 7 1&* Ai|7HtfoS GaN7=|| ^QhSh 7|&AhO|S| 

§S§ *hS PJ& 4 s WSDI, 7ieofl ajfrj. S-ft^&jl o|*h =h^4is xfl7H sh 4 s SJTllSch. EES 7|&S «| 

7HMOS. LED 4:Ah7h 10umLH2|M DH¥ grohx|n^ ^Ah2.KH|AH ^7^^( Photon Recycling) S.2h7h §7hShO^ SIS 3 ^ 
S|^srxfA*( External Cuantum Efficiency)* S^AIS 4= ?j7l|@ch. 

Eth e a"S0^|AHfe ttSE^Ol 0H^ We 5°^ ^B^S 7|eS| ^Bie 7|&* ^AhSl Mounts AhgthS^. LEDCH|AH 
S-^Elb <Mm SUh^jo^. A1I7H* 1 " 4 1 0|S 9JShO=| 4:Ah°| ^S^h ^7|^i »^A|a 4= &S0| 
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EES S W-goj/Hb fcJBr*l°3. H b££| £®0| o^jcU tfBlfi P- GaN ^S<H| p- metal* 5*^3.3. 5| 
serial resistance) g 2J"4iA|^ 4= 5Jo.cN, EES E}7| £i£.-£0| *flo-|fc+ N- GaN JEfflofl N- metal £T 

&£.^m s^si-hs ir-ygtHiAHoj *h#°|5eo| ^ oj.es a^i xm ^ ? A 'cf. ois £j*hm led ^ °i s-s 
s!|dh ^ohoi g*jAi 5°js «■ w^g °j§ ^ aiTiiacK 



EE c^B ■feJAWlse ^ElS P- N diode7h LEDSj S^fe ESD £jgK>| AIGainN7=|| LED 4i 

XjOfl 4|B|& P- N diode* 3«l«h0^ e^gf ESD 3^ ^fe* ^7|^:°S. AIGalnN^I LED ±7$ 

fij £J£I^S cm »#A|fl 4 s 5UCI-. 7ISSI £JE|S P- N diode S*! gm^r Hl-UtSM £j*4 5«cH| SJoHAH Fli 
p- Chip SS0| £?E|X| at°o|, SES ^siartFoS S-aS € B*1SI 4JSIS P- N diodeS Af§5iH£ 4SBIS P- N 
diode Sfl HI* SoiffcK 7|£SJ U|jiL^<H ft ^S^l 7rS € AIBIS- P- N diode°| a^SSo] 



(57) S'^Sl S^l 

s^s- 1. 

p- n Q& ^0|S.c GaN7^j LED n\^0\\ ftoHAH. LED *W9\ P- GaN flofl P- metal* S^oHl, S 

P- metal* masking t[0i M0\W N- GaN SEb ZL o|-EH°| *1&£r 77fX| OflSSO-. ZLB\H bh 

* 4IEIS 7|Erofl LED°| P- metal 0| £|f[¥7|- JEj7H| fl=S|(H goill, a^oi gg-g 7|B* xlWtm. 7|£W|7H 5S2 
§7|g°^ ^EHtd- N- GaN ifflofl N- metal* «g*KH £|S*1?J LED ±Am ^RSfe 

7HI 1 S-otl oj<hah, 4*^0 1» EEb o\m »aa o|«sfo=| OH zl 412]- SolS tftiS ohsHoiiAH 7|& Al- 

ois) ojo|oj SOWXISHI, ZL &|Zf 3f* 0.1umCH|Ai 500umAfO|o| <yo| ^o^. <H|S«r<H 7|^A||7H «£A| OiS LED 

ZX "Si" Q 

7^1 1U-(H| SJ0HAH, LED 4lA^2^ ^ifoi sjfe Ahso^l SJoHAH &a Eb BH<HI Ohmic Metaiol S^£|o^j7H 

L4 Ohmic Metal0| £|0^ A 'X| g£oi^ ZL N £b P doping fe5E7|- 10 15 <H|AH 10 22 7^X|Sj SflS 5= h b ^E|? 

7HI 7|^*h LED =?-£.0\\M Mechanicals itfHom, tJ^J £Efe 6^ &|Z|- Sflfil, E£b 0|* 37^1^-^* 

0H LED^etOl ^S-S 7|&(20)« ^|7H#J1 0| 7|&0| *||7-1@ BtD| S L ED«|5f(H| SStfe 7|H- 

y./ir ^ l" C 

n\ Itl-Ofl SJ0^A^ 7|^S LED ^tHlAH N- GaNg2.| 7hS"Xf-E| SEb 7r&d| ¥ftcH| Ti/Au, Ni/Au. Cr/Aufih STS 
N- metal* S^Sr^l, N- metal 0| ^^E|7C| ¥ft« S!S.¥^. 0|S«rfe 



XII 19011 ?J0^A^ ^Bi^ 7\& MSM ^Q&ttSLS. P- N JunctionOl 0|TcH£l ^Bl^ 7|»S AhS&cK ZLB\JL y + 
LED°| p» metal 4 4JB|S N diode°l metal 0| afl-JEl^l ¥l£JtH SOjJl, ^^0| 7|&S n\7-\&c[. 7|& 
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nW S7| go£ cyy- N- GaN S.&W N- metalS S-^mo^ LED ^AhS flRtf * ErfcJ LED 4i 

led hH?|x| o r gEHo-li p- N diode°| P LED n||7|x| n|-gEH°| n- £R^ctf| M°Jc|-. ziBln fc+ 

■f- ^E|5 P- N diode°| N- metaiO-||AH LED eH=Mx| 0r&^.&] P£^ Wire Bonding§r^., LED°| N- metal 

Oil AH LED HH7|X| D r g-EH°| N£j^ Wire BondingS|-0=|A| rtX r M ^RSpfe- ^ffl. 

<o I o f . 

All emroll $JoHAi LED 4iXr2r iatro] P- N diodeCHI ZL P- N Junctionol 7|£rg 

OlSShfe HQ. 0|Hfl P £ES Si* N- doping ©e ZJ-Zf 0.01um<H|AH 1mm77rX|fi.| *pZfllS ?rS t ?M. 

SnP-S" 8. 

A|| 69CHI 2J0HAH, ^B|5 P- N diode «W A|, N 7|&0|| PEg°S p- N Junction §■ S<Strfe & hi a^ P- £S 

H ^BIS 7|Er0fl N- £S££ P- N Junction^ ItfH. 0^7|AH N, P ESS) 10 15 OflAH 10 22 tfr*l 

si s«is 

St 1 ?!" 9. 

All 6S-CHI SJOHAH, 4JBI5 P- N diode°l gT£cH| o||go| S£*rO=| Aj-gSfc ^^4- 9^1 ttrEW £Efc 
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\ — nd a 




ll~ I 1 T1 t f- ^> 
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